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TENS ILE TESTS OF NACA AND CON VENTICNAL

MAC HINE-COt~TTERSUNK FLUSH RIVETS

By Me rve n W. Man”de1 and Leonard M. Bar tone

An investigation was conducted to determine and
compare the ten.~ile strength of ?WCA :lnd conventional
machine -counter sllnk flush rivets of several rivet-
head angles and varying countersunk depth. The re suits
of’ the investigation are presented in the form of curves
that show the vari at i.on of the tensile strength Or t12e
ri vet wf.th the rat ic of the shaet th.tckn::ss to the
ri vet diameter.

Cou:parativ3 data cm t’ne tensile :trength of machine-
countersunk flush ri vets are scarce, al.thou@ it is
known that ri.vet.sare uncle:-tensile load in many applica-
tions. An investigatiori was t?.lerefore conducted to
de te imhm and compare the tensile strength of NACA
machine -co~.ml-er,~unk flush rivets and of co.nventi.onal
machine-countersunk flush r-lvets. The efl”ect of rivet-
Iiead angle and depth of countersink oii the tensile
strength of’both types of’ rivet was investigated.

SPEC IIWINS }iNE RIVETING PROCEDURE

. Each specimen consisted of two sheets of &S-T alu-
minum alloy of equal thicbess, assembled with one
.4175-T aluminum-alloy rivet, as shown in figure 1.
Tables I and IT give the ~aivet diameters and sheet

thicknesses for all specimens, the depths of counter-
sink for tile NAGA flush-rivet specimens, and the heights
of the rivet b-cads above the sheet surface before
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drivfng for the conventional countersunk-rivet specimens.
For the NACA flush rivets, the depth of countersink
(designated c and shown in fig. 2(a)) was measured
with a 4.0°conical spindle mounted on a dial gage
graduated in ten-thousandths of an inch. For the
conventional countersunk rivets, the height of the rivet
head above the sheet surface before dr~%ing (desig-
nated h

!l
and shown in fig. 2(b)) was also measured

with a d al gage.

The NACA flush-riveting procedure (method E of
reference 1) is shown in figure 2(a). The rivet hole
in the sheets of the specimen was machine-countersunk
with a 600, 82°, or 100° countersinking tool. h
AN@Oromd-head rivet was inserted from the back of
the joint, and the manufactured head of the rivet was
then driven with a vfbrating gun while the shank end .
of the rivet was bucked into the countersunk hole with
a bar. The protruding portion of the rivut head was
removed with a flush-rivet milling tool similar to
that described in reference 2.

The conventional riveting procedure for countersunk
rivets (method C of reference 1) is shown in figure 2(b).
The rivet hole in the sheets of the specimen was machine-
countersunk with an 82° countersinking tool for the
AN@5 78° countersunk-head rivets, and with a 100° counter-
sinking tool for the AN426 100° countersunk-bead rivets.
The rivet was inserted in the rivet hole and the
manufactured head was driven with a vibrating gqn while
the shank end was bucked with a bar.

TEST PROC2DURE

The test nrocedure was the same as that described
in reference 3. The specimens were mounted in the
fixtures shown In figure 3. The small rods on each of
the fixtures pass through the holes in one of the
sheets of the specimen and bear against the other sheet.
When load is applied, the rods push the abets of the
specimen apart. Loads were applied to the specimens in a
hydraulic testing machine accurate within one-half of
1 percent. Maximum load and type of failure were
recorded for each test.
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RESULTS AND CONCLIJS1ONS

... .-., ., !., . . . . . . ..- ----- .’ -:.-. ~....-

The results‘of the tests are given in tables I and
II, and typical specimens after failure are shown In
figure 4. The variation of the maximum tensile load
with the sheet thiclmess Is shown in figures 5 to 9. It
may be n=otedIn figures 8 and 9 that the tensile strength

~inch-dfameter conventional countersunk rivets
‘f ‘he 32 \
was increased slightly for values of hb greater than
zero and decreased slightly for values of hb less than
zero.

lh order to permit comparison of the results for
the different types of rivet tested, the values of the
tensile strength of the rivet, expressed as a fraction
of the tensile strength of the rivet shank, were plotted
against the ratio of the sheet thick.ess to the rivet
diameter in figures 10 and 11. The tensile strength
of the rivet shank was taken as an average of the maximum
loads for those specimens that failed by tension of the
shank. Curves were faired through the points so plotted,
as shown in figures 10 and 11. These curves were used
in the preparation of additional fl~ures (figs. 12 to 15)
In which the effects of the different variables are
revealed.

NACA machine-countersunk flush rivets.- For a given
rivet-head &nRle the tansf~~~nxth increased with the
ratio of countersunk depth to rivet diameter c/d. ~ee

12.) For c]d = 0.50 and rivet-head angles of
%~: 820, and 100o, the full tensile strength of the
rivet shank was developed for values of the ratio of
sheet thickness to rivet diameter t/d greater than 0.7.

For a given value of c\d, the tensile strength
increased with rivet-head angle, but at cld = 0.50
the tensile strengths of the 100° rivets were only very
slightly greater than for the 820 rivets. (See fig. L3.)
For c/d = 0.36 and 0.50, the tensile strength of the
600 rivets approached the tensile strength of 820 and
100° rivets as tid approached 0.7.

Conventional countersunk flush rivets.- For values
of t/d greater than about 04 le strength of

z
AlT!@ 780 conventional rivets”was ig%n~ than for
Al@ 100° conventional riwts. (See fig. 14. )

1- —.—.
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For t/d greater than about 0.7, the 78° rivets
developed more than nine-tenths and the 100° rivets,
more than about eight-tenths of the tensile strength of
the rivet shank. FYom the tensile tests of’the NACA
rivets, It Is ooncluded that the ~eatcm tensile strengths
for the 780 rivets were caused by the higher c/d ratio
.(c/d = (?.50 for the 780 conventional rfvets: c/d = 0.33
“to 0.38 for the 100° conventional rivets).

Comparison of NACA and conventional machlne-
countersunk rivets.- For the same rivet-head angle -
or essentially the same rivet-head angle - and for a
given value of c/d, the NAOA rivets developed higher
tensile stren@h than the conventional rivets. (See
fig. 15. )

Langley Memorial Aeronautical Laboratory
National Advisory Committee i’orAeronautics

Langley Field, Va.
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TA21X I

TEli21LXSTREM13TEOF IihCA MAtSiI~—COOEF2RSm FLU22RIV2TS

I Rlvat-head -le. 60° I Riwot-howi and.. 82° I Riwet-hod U1O. 100°

c/d M%. 1- n T= or =. lad R 1~oma. hndli

(lb)

TJp9 of

(a) failuro (lb) (m) failure (lb) (a) failuro

Rivet diamotor d = 3/32 in.

1
0.2 (b)

:% K)
1

:W2 &

:.% [:1
.816 (b)

(0)
:i53

.98? [:1
+w (0)

(c)
1.019 (d)

0.025
.02
.032
.032

:%

. *O
Xl&;

m~
.0 1

.0(2+ E
.2’70 0.025
.270 .035
.342 .025

g :Z

:%5
g~

:0 5

:025

:%5 :%5 I
). (b)
.183

$j ~~

.535 p]
:g

(b)
.635 (0)
.853 (b)
y; (c)

(0)
.700 (c)
.981 (d)

Rlrotdlamotor d = 1/8 in.

0.032

:%

.051

.051

.@

.064

.081

.081

.081

(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)
(c)
(c)

J&)_

Rivet diameter d = 5/32in.

I
0.40 .258
$& .258

.325

:;! :~

.081

.081
.518

.102 :%!

.102 .g54

.102 I
(b)
(b)
(b) %
[:] 810

955
(b)
(c)

197:

(0) ?
(b) 1;0:
(:) 1170

10I
0.301 (b)
.288 (b)
.326 (b)
. ~;

!

(b)

a ~~
.852
y; (d)

(:)
1.012

Rivet dimotor d = 3/i6 in.

0.051
.051

%%!

.081

.102

.125

.125

.K5

0.05
2.05

.05
2.05

.05
&

.065

:%

(b)
(b)
(b)
(b)
(0)
(0)

(0)
(0)
(a)
(d)

‘R=
Tonalle strewt h Of FiVOt

Tensile strength of rimt shank

SAmnuNmoRY
COWM’EEFOR ~

bcountermmk head of rivet pulled tbrougb dmot.
‘countermmk head of rivet ahmrod.

%naion failure of rivet hank.
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TABLE II

TEN!31LE STRENGTHOF CONVE~IONAL MAOHINE-COUNTERSUNK FLUSH RIVETS

Sheet
%

Rivet+,ad angle, 700 Rivet-head angle, 1000
thlckneaa, t/d

(in. ) ‘~ib ~oad
Type of Rivet -hea3 c/d Max. load R

(:) failure hefght, C
Type of Rivet-head c/d

(f:.)
(lb) (a) failure height, C

(in.) (in. )

0.032
.032

t
.02
.00
.040
.040
.051
.o~l
.051
.Ou
.OQ
.o& 1

0.010 274
.000 201
-.005 195
.010
.000 2$?
-.005 24~
.010
.000 3;
-.o@j 1
.010 ‘i
.000 3;!
-.00 4

Rivet diameter d ❑ i/32in.

).500 27
j;; 253

202
.500 301
.500 270

L
.500
.500 ~g”
.500
.500 go
.500 4
.500 39
. 00 z I

].639
.600

(b)

.470 [:]

. 00 (c)
L● 7 [:)

3
● 93
● 37 [:].
.809

8
67 (c)

: 3 (c)
$; (c)

c)

0.036
.036
.036
.036
.036
,036
.036
.036
.036
.036
$32

Rivet diuneter d = ~/8 in.

0.40 ‘%;0:::: g ‘g; ~;~ 0.062 10.LY6
J@ %6 ‘&2

00 15. (b)
.051

0.336
.062

;64 [:!
.336

.Od+ .000 .062 5;0
6?7

.33;
.081 .645.000 74 .951 (b) .062 .496 . (c) . ●

Rivet diameter d = 5/32in.
0.051

i
o. 2~ 0.000 66 0.565

.Qo !:]
o.q8 0.500

‘t
516 0.52 (b) 0.055 0.352

;r))! . 10 .000 733
.518,000

.q8 .500 704 . 15 ~:] .055 .352
1035 .915 (b) ;Cr7: .500 ;;

z
;;?;

.654.000
.055 .352

.102 1075 .940 /c) .500 (c) .055 .352
Rivet diameter d = 3/~6 in.

0:c))
‘i? O;:: :$ O;& [3

0.094 0.500 815”

b

0.509 [b] O.qo 0.372
●Q94 .500 1.2oo

z
.070 .372

.102 ●5
.67 :88;

(b]
●W4 ,500 u60 :7: [:{

L5
.qo .572

.~25 .000 1.417 (c) ● 094 .500 1320 . (cl .qo .372

aR= Tensile strength of rivet

Tensile 8tren@h of rivet shank
bCountermmk head of rivet pulled through sheet.
ccounter~~ head of rivet 8he~ed.
‘Tension failure of rivet shank.

NATIONAL ADVISCltY
COMMITTEEFOR AERONAUTICS
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Figure 1.- Test specimen .
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NATIONALADVISORY
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Figure 3.- Fixtures and spQcimen
for tension tests of rivets.
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. .

Figure 4.- Typical ~
32

-inch-diameter rivet specimens of 100° head

angle after failure.
.

(a) NACA rivet; countersunk
head pulled through sheet.

(b) NACA rivet; countersunk
head sheared.

(c) NACA rivet; rivet shank
failed in tension.

(d) Conventional rivet;
countersunk head pulled
through sheet.

(e) Conventional rivet:
countersunk head sheared.
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Figure 5.- Variation of maximum tensile load with
sheet thickness for NACA machine-countersunk
flush rivats ; rivet-head angle = 60~
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Variation uf maximum tensile load with
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Figure 7- Variation of maximum tensile load with
sheet thickness for NACA machina-countersunk
flush rivets ; rivet- head angle = 100~
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Figure 9.-Variation of maximum tensile load with
sheet thickness for conventional machine-
countersunk flush rivets ; rivet-head angle = 100~
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